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Laparoscopy for Penetrating Thoracoabdominal Trauma:
Pitfalls and Promises
Amber A. Guth MD, H. Leon Pachter, MD
ABSTRACT
Background: How should the stable patient with pene-
trating abdominal or lower chest trauma be evaluated?
Evolving trends have recently included the use of diagnos-
tic laparoscopy. In September 1995 we instituted a proto-
col of diagnostic laparoscopy to identify those patients who
could safely avoid surgical intervention.
Design: Prospective case series.
Materials and Methods: Hemodynamically stable patients
with penetrating injuries to the anterior abdomen and
lower chest were prospectively evaluated by diagnostic
laparoscopy, performed in the operating room under gen-
eral anesthesia, and considered negative if no peritoneal
violation or an isolated nonbleeding liver injury had
occurred. If peritoneal violation, major organ injury or
hematoma was noted, conversion to open celiotomy was
undertaken.
Results: Seventy consecutive patients were evaluated over
a two-year period. The average length of stay (LOS) fol-
lowing negative laparoscopy was 1.5 days, and for negative
celiotomy 5.2 days. There were no missed intra-abdominal
injuries following 30 negative laparoscopies, and 26 of 40
laparotomies were therapeutic. The technique also proved
useful in evaluation of selected blunt and HIV+ trauma vic-
tims with unclear clinical presentations. However, while
laparoscopy was accurate in assessing the abdomen fol-
lowing penetrating lower chest injuries, significant thoracic
injuries were missed in 2 out of 11 patients who required
subsequent return to OR for thoracotomy.
Conclusions: Laparoscopy has become a useful and accu-
rate diagnostic tool in the evaluation of abdominal trauma.
Nevertheless, laparoscopy still carries a 20% nontheraputic
laparotomy rate. Additionally, significant intrathoracic
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injuries may be missed when laparoscopy is used as the pri-
mary technique to evaluate penetrating lower thoracic trau-
ma.
Key Words: Laparoscopy, Penetrating trauma.
INTRODUCTION
How should the stable patient with penetrating abdominal
or lower chest wall trauma be evaluated? Traditional diag-
nostic methods and liberal indications for surgery have
resulted in negative laparotomy rates ranging from 12-
40%.
1,
2 While negative laparotomy was previously accept-
ed as the inevitable and innocuous result of this policy,
recent reports by Renz and others
2-
4 have highlighted the
6-40% incidence of complications that accompany non-
theraputic abdominal exploration.
In view of these data, and dissatisfied with our own 33%
negative laparotomy rate, prospective evaluation of the
role of diagnostic laparoscopy in the evaluation of sus-
pected penetrating abdominal injury was undertaken in
September 1995 to identify those patients who could safe-
ly avoid surgical intervention, with the expectation that the
rate of negative trauma celiotomy would markedly
decrease.
5-
7 In this report we review our experience with
70 consecutive patients who underwent diagnostic
laparoscopy, and discuss the benefits and pitfalls in diag-
nosis we encountered utilizing this technique.
MATERIALS AND METHODS
A prospective study of patients with penetrating injuries to
the lower thorax and anterior abdomen admitted to the
Bellevue Hospital Trauma and Shock Unit, a Level I trau-
ma center in New York City, was performed between
September 1995 through November 1997. Patients who
were hemodynamically stable without obvious evidence
of peritoneal penetration or free intra-abdominal air on
upright chest radiograph were entered into the protocol.
In light of evidence that CO2 pneumoperitoneum may
result in an increase in intracranial pressure, patients with
known or suspected central nervous system injuries were
initially excluded from the protocol.
8-1
0 However, the use
of diagnostic laparoscopy may be appropriate in head-
injured patients when intracranial pressure monitors are in
place.
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After initial evaluation in the emergency room, informed
consent was obtained and the patient was transferred to
the operating room. General endotracheal anesthesia was
induced, orogastric tube and Foley catheter inserted, and
open laparoscopy performed with the Hasson trocar posi-
tioned infraumbilically. After insufflation with carbon
dioxide gas to 15 mm Hg, a 10 mm laparoscope with
attached video camera was inserted into the peritoneal
cavity, and exploration performed. In patients with tho-
racoabdominal injuries and suspected diaphragmatic
tears, a low pressure pneumoperitoneum of 8-10 mm Hg
was created, the diaphragms visualized, and if no
diaphragmatic injuries were present, the pneumoperi-
toneum was raised to 15 mm Hg. Routine thoracostomy
tubes were not placed prophylactically in light of Zargut's
reported 1% pneumothorax rate
1
1 following carbon diox-
ide insufflation (5 of 510 patients); rather, the anesthesia
and surgical teams were alerted to the possible develop-
ment of a tension pneumothorax in patients at risk for
diaphragmatic injury. If no peritoneal violation was
noted, or an isolated non-bleeding injury to the liver was
present beneath the site of peritoneal penetration, the
procedure was terminated, and the patient subsequently
discharged from the hospital. If peritoneal violation,
major organ injury or hematoma were noted, the proce-
dure was converted to open celiotomy.
During this period we did not utilize the technique of
"gasless laparoscopy," or perform "minilaparoscopy" in
the emergency department with local anesthesia utilizing
3-5 mm videoscopes.
Trauma service records were reviewed for the two years
which preceded this study (1993 - 1994); the overall neg-
ative exploration rate for all patients with penetrating
abdominal trauma during that time period was 33%.
RESULTS
Seventy patients were enrolled over a 24-month period.
The ages ranged from 18-64 with a mean of 30.1. Sixty-
four (91%) patients were male and six (9%) female. Forty-
four patients (63%) suffered stab wounds to the anterior
abdomen, eleven (16%) stab wounds to the left chest with
suspicion of intra-abdominal injury, 13 (19%) with
abdominal gunshot wounds. Two additional patients
(3%) involved in motor-vehicle accidents were evaluated
laparoscopically after indeterminate computed tomo-
graphic (CT) scans.
Operative Findings: The mean operative time for
laparoscopy was 16 minutes (range: 3 - 60). The mean
time for negative laparoscopy was 23 minutes, and 10.8
minutes for laparoscopy with positive findings. Forty-one
(59%) procedures met criteria for positive laparoscopy:
thirty-nine were converted to celiotomy and two addi-
tional nonbleeding liver injuries were treated nonopera-
tively. Twenty-five (65%) of the 39 laparotomies were
considered therapeutic by the operating surgeon. Among
the 14 nontheraputic laparotomies, ten were performed in
patients with peritoneal penetration visualized on
laparoscopy but found to have no intraperitoneal injury at
laparotomy, three revealed only minor nonbleeding liver
injuries early in our study that the individual attending
surgeon was unwilling to treat nonoperatively, and one
was performed for free blood secondary to a minor
omental laceration.
Length of Stay: In patients without associated injuries,
the mean length of stay following negative laparoscopy
was 1.5 days in 21 patients (range: 1 - 4; the single 4-day
stay was due to social service issues), compared to 5.2
days (range: 3 - 8) for 12 negative explorations following
positive laparoscopy.
Morbidity: There were no anesthetic complications in
the study group, and no tension pneumothoraces or air
emboli occurred. One small bowel injury resulted from
insertion of the Hasson trocar, and was repaired primari-
ly in a patient during laparotomy for a thoracoabdominal
gunshot wound with liver, adrenal and diaphragmatic
injuries. There were no deaths.
Missed Injuries: No intra-abdominal injuries were



















124 JSLS (1998)2:123-127However, two of ten patients (20%) who underwent neg-
ative laparoscopy for lower left chest stab wounds
required urgent return to surgery from the recovery room
for missed ongoing hemothoraces. One was a 23-year-old
female stabbed in the left anterior axillary line at the 7th
intercostal space. A closed tube thoracostomy was per-
formed for a nonbleeding pneumothorax upon initial pre-
sentation to the emergency room, and she was transferred
to the operating room, where laparoscopy revealed no
evidence of peritoneal penetration. Soon after arrival in
the recovery room she drained 750 milliliters of blood
from her chest tube and became hypotensive. She was
returned to the operating room, where thoracotomy
revealed an actively bleeding injury to the lingula which
was successfully controlled by stapled wedge resection.
The second patient also required a left thoracotomy to
oversew bleeding from the lung parenchyma.
DISCUSSION
The optimal management of the asymptomatic patient
with penetrating thoracoabdominal trauma has yet to be
determined. Prior to September 1995, the criteria for
mandatory laparotomy at our institution were broad and
included all anterior abdominal gunshot injuries, and stab
wounds to the anterior abdomen with posterior fascial
penetration demonstrated by local wound exploration.
This policy resulted in a 33% overall negative laparotomy
rate. Recent reports have emphasized the complication
rate following negative laparotomy for trauma, ranging
from a six percent
3 to 20% incidence in Renz and
Feliciano's series of 81 patients with penetrating abdomi-
nal trauma without associated injuries,
4 and 22% in Sosa's
recent comparison of mandatory laparotomy and diag-
nostic laparoscopy for asymptomatic abdominal gunshot
wounds.
1 Leppaniemi et al. from Finland
2 reported their
24-year experience of a 40% negative laparotomy and 21%
complication rate in 457 patients following mandatory
laparotomy for penetrating truncal trauma. While many of
the complications following negative laparotomy in these
four reports were minor, they did result in prolongation of
the mean hospital stay.
Sosa et al.
1 prospectively studied 85 patients with asymp-
tomatic abdominal gunshot wounds by diagnostic
laparoscopy, and compared them to the preceding four-
year period when mandatory laparotomy was performed
in a similar group of 817 patients. He was able to docu-
ment a drop in the negative laparotomy rate from 12.4%
to 4.7% when routine diagnostic laparoscopy was institut-
ed. Additionally, there was a significant decline in aver-
age length of stay from 5.1 to 1.4 days, with no missed
intraperitoneal injuries and only one significant complica-
tion (urinary retention) following negative laparoscopy.
The largest experience to date with the use of diagnostic
laparoscopy is a retrospective multicenter study of 510
patients
1
1 with penetrating abdominal trauma. In this
series, 54.3% of exams revealed either nonpenetration or
nonsignificant injuries, and the mean hospital stay was 1.7
days in the absence of associated injuries. There were no
significant missed injuries following negative laparoscopy.
Laparotomy was considered therapeutic in 155 of the 213
patients (73%) who underwent formal abdominal explo-
ration. Diaphragmatic injuries were present in 40% of
penetrating thoracoabdominal injuries. Of interest is an
additional group of 26 patients who underwent therapeu-
tic laparoscopy, including repair of diaphragmatic and
anterior gastric lacerations, and control of hepatic bleed-
ing. While it is not clear from this paper whether
laparoscopy resulted in a reduction in the rate of negative
laparotomy (which was 25% overall in this combined
series), it does indicate that laparoscopy can safely and
reliably select those patients without intraperitoneal injury
who can be spared a negative laparotomy.
In view of these reports, and dissatisfied with our own
negative laparotomy rate, prospective evaluation of diag-
nostic laparoscopy was undertaken with the expectation
that insignificant injuries could be reliably identified, thus
reducing both the incidence of negative celiotomy and
hospital length of stay. In the 70 consecutive patients
who underwent diagnostic laparoscopy, the negative
laparotomy rate was 20%, and if the trivial liver injuries
explored early in our experience are excluded, the rate
drops to 16%. This is comparable to the negative laparo-
tomy rates of 11-20% following laparoscopy recently
reported by other authors.
7,11-1
4 Overall, the negative
exploration rate for all patients with penetrating abdomi-
nal trauma treated during this time period at our institu-
tion fell from 33% to 20%. While a significant decrease in
our negative laparotomy rate occurred, it is still not negli-
gible, and this failure to eliminate nontheraputic laparoto-
my in one-fifth of the cases of penetrating trauma is the
"Achilles' heel" of diagnostic laparoscopy as currently
practiced. As our ability to laparoscopically explore the
peritoneal cavity, reliably examine the large and small
bowel, and perform laparoscopic repair of selected
injuries improves,
11,15-1
7 the negative laparotomy rate
should continue to decline and can be expected to
approach five percent.
Since Bellevue Hospital charges a fixed comprehensive
daily rate, a true cost analysis could not be made, leaving
the length of stay as the only valid index of comparison;
during the study period it was 5.2 days following negative
laparotomy as compared to 1.5 days after negative
laparoscopy. At current charges of $1,000 per day, a 3.7
day decrease in length of stay represents a $3,700 reduc-
tion in cost per patient, which translates into an overall
savings of $77,700 for the 21 patients who underwent
negative laparoscopy and did not require additional hos-
pitalization for associated injuries.
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While primarily used to evaluate penetrating injuries,
laparoscopy also proved to be a useful tool in selected
blunt trauma patients with benign clinical exams and
indeterminate radiologic studies. One patient had a min-
imal amount of free fluid in the pelvis on computed
tomography (CT); laparoscopy revealed turbid fluid, and
a perforation of the antimesenteric border of the proximal
jejenum was found and repaired at laparotomy. The sec-
ond patient was a pedestrian struck by a taxi on the right
flank and hip; she was hemodynamically stable and com-
plained only of right hip pain upon evaluation in the
Emergency Room. She had undergone cholecystectomy
ten years earlier via an upper midline incision. There was
a question of bowel gas above the left hemidiaphragm on
chest roentgenogram, and both CT scan and upper gas-
trointestinal series were equivocal regarding the presence
of a diaphragmatic rupture. Laparoscopy revealed free
blood in the peritoneal cavity, and a splenic laceration
and intact left hemidiaphragm were found at exploration.
Another subgroup in whom diagnostic laparoscopy
proved efficacious was in the evaluation of the trauma
patient infected by the human immunodeficiency virus.
Three HIV+ patients with abdominal stab wounds and
equivocal physical exams underwent negative
laparoscopy, sparing all three an unnecessary abdominal
exploration.
However, we encountered a significant pitfall in our expe-
rience with 70 consecutive patients. Laparoscopy has
been championed by some authors
11,18,1
9 as a routine
maneuver in the evaluation of penetrating lower chest
injuries to detect clinically and radiologically occult
diaphragmatic injuries. In this study, laparoscopy was
selectively employed to evaluate those lower chest
injuries felt to be at particular risk for intra-abdominal
injuries, and one diaphragmatic injury was detected and
repaired. However, two of the remaining ten patients
with thoracoabdominal stab wounds who underwent neg-
ative diagnostic laparoscopy manifested ongoing thoracic
blood loss that necessitated return to the operating room,
reinduction of general anesthesia and thoracotomy for
definitive control of pulmonary parenchymal bleeding.
Clearly, routine diagnostic laparoscopy in these patients
resulted in initial evaluation of the wrong body cavity, and
lulled us into a false sense of security regarding the extent
and severity of injury. Thus, in patients with penetrating
thoracoabdominal trauma and negative diagnostic
laparoscopy, we now believe that diagnostic thora-
coscopy should be performed before the patient leaves
the operating room. The applications of thoracoscopy in
the trauma patient are expanding; this technique can be
used to detect and repair diaphragmatic injuries, evaluate





This experience confirms that laparoscopy is a safe and
accurate tool for identifying peritoneal penetration fol-
lowing penetrating abdominal trauma, and adoption of
this technique resulted in significant decreases in both the
rate of negative laparotomy, and the hospital length of
stay following a negative evaluation. One drawback is
that the rate of negative laparotomy, while reduced,
remains in the range of 10-20% in our experience and
recent comparable series.
Diagnostic laparoscopy reliably identifies those injuries to
the liver that can be safely managed nonoperatively. It
also proved useful in the evaluation of the HIV+ patient
with equivocal findings on physical exam, and of stable
patients with indeterminate or "soft" CT scan findings fol-
lowing blunt abdominal trauma. While other authors
have demonstrated its sensitivity in the detection of
diaphragmatic injuries, we urge caution in its use as the
primary diagnostic study in penetrating thoracoabdominal
trauma based on our experience with missed major
intrathoracic injuries, and are currently investigating the
complementary role of thoracoscopy in penetrating lower
thoracic injuries.
References:
1. Sosa JL, Baker M, Puente I, et al. Negative laparotomy in
abdominal gunshot wounds. Potential impact of laparoscopy. J
Trauma. 1995;38:194-197.
2. Leppaniemi A, Salo J, Haapiainen R. Complications of neg-
ative laparotomy for truncal stab wounds. J Trauma. 1995;38:54-
58.
3. Ross SE, Dragon GM, O'Malley KF, Rehm CG. Morbidity of
negative celiotomy in trauma. Injury. 1995;26:393-394.
4. Renz BM, Feliciano DV. The length of hospital stay after an
unnecessary laparotomy for trauma. A prospective study. J
Trauma. 1996;40:187-190.
5. Carnevale N, Baron N, Delany HM. Peritoneoscopy as an
aid in the diagnosis of abdominal trauma: a preliminary report. J
Trauma. 1977;17:634-641.
6. Livingston DH, Tortella BJ, Blackwood J, Machiedo GW,
Rush BF, Jr. The role of laparoscopy in abdominal trauma. J
Trauma. 1992;33:471-475.
126 JSLS (1998)2:123-1277. Fabian TC, Croce MA, Stewart RA, Pritchard FE, Minard G,
Kudsk KA. A prospective analysis of diagnostic laparoscopy in
trauma. Annals Surg. 1993;217:557-565.
8. Rosenthal RJ, Hiatt JR, Phillips EH, Hewitt W, Demetriou AA,
Grode M. Intracranial pressure. Effect of pneumoperitoneum in
a large-animal model. Surg Endosc. 1997;11:376-380.
9. Schob OM, Allen DC, Benzel E, et al. A comparison of the
pathophysiologic effects of carbon dioxide, nitrous oxide, and
helium peritoneum on intracranial pressure. Am J Surg.
1996;172:248-253.
10. Josephs LG, Este-McDonald JR, Birkett DH, Hirsch EF.
Diagnostic laparoscopy increases intracranial pressure. J
Trauma. 1994;36:815-818.
11. Zantut LF, Ivatury RR, Smith RS, et al. Diagnostic and ther-
apeutic laparoscopy for penetrating abdominal trauma: a multi-
center experience. J Trauma. 1997;42:825-831.
12. Marks JM, Youngleman DF, Berk T. Cost analysis of diag-
nostic laparoscopy vs. laparotomy in the evaluation of penetrat-
ing abdominal trauma. Surg Endosc. 1997;11:272-276.
13. Ditmars ML, Bongard F. Laparoscopy for triage of penetrat-
ing trauma: the decision to explore. J Laparoendosc Surg.
1996;6:285-291.
14. Sosa JL, Arrillaga A, Puente I, Sleeman D, Ginzburg E, Martin
L. Laparoscopy in 121 consecutive patients with abdominal gun-
shot wounds. J Trauma. 1995;39:501-506.
15. Smith RS, Fry WR, Morabito DJ, Koehler RH, Organ CH Jr.
Theraputic laparoscopy in trauma. Amer J Surg. 1995;170:632-
637.
16. Zantut LF, Machado MA, Volpe P, Poggetti RS, Birolini D.
Autotransfusion with laparoscopically salvaged blood in trauma:
report on 21 cases. Surg Laparosc Endosc. 1996:46-48.
17. Gunning KA, Moont M, Sugue M. Laparoscopic repair of
penetrating intra-abdominal injuries. Br J Surg. 1995;82:920.
18. Ivatury RR, Simon RJ, Stahl WM. A critical evaluation of
laparoscopy in penetrating abdominal trauma. J Trauma.
1993;34:822-828.
19. Murray JA, Demetriades D, Cornwall EE 3rd, et al.
Penetrating left thoracoabdominal trauma: the incidence and clin-
ical presentation of diaphragm injuries. J Trauma. 1997;43:624-
626.
20. Ochsner MG, Rozycki GS, Lucente F, Wherry DC, Champion
HR. Prospective evaluation of thoracoscopy for diagnosing
diaphragmatic injury in thoracoabdominal trauma: a preliminary
report. J Trauma. 1993;34: 704-710.
21. Frame SB. Thoracoscopy for trauma. International Surg.
1997;82:223-228.
JSLS (1998)2:123-127 127